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Solar magnetic helicity

 Important indicator for CMEs
— Topological invariant

* Need field extrapolation into a box
— Or is the field turbulent?

 Large-scale vs small-scale mag helicity
—|Is there an a effect in the Sun



Valori et al. (2016)

Finite volume (FV) Helicity-flux integration (FI)
5 d. >
Hy = [(A+Ap) - (B-By)dV S =2 [ [(Ap B, — (A - v) B, |dS
see Eq. (3}

— Requires B in V e.g., from MHD simulations|| — Requires time evolution of vector field on 6V

or NLFFF — Requires knowledge or model of flows on gV
— Compute .#4, at one time — Valid for a specific set of gauge and assump-
— May employ different gauges (see Table[2) tions, see|Pariat et al]{2017)

Discrete flux-tubes (DT)
A = B TiB+ B S i L0,

see Eq.
Twist-number (TN) Connectivity-based (CB)

S = Td:'z A=A E:El f-l'id"?ﬁ + Z?jrn:l -!:hnd“fd“m

see Eq. (32) see Eq.
— Estimation of the twist contribution to .7# — Requires the vector field on photosphere at
— Requires B in V one time
— Requires a flux-rope-like structure for com- — Models the corona connectivity as a collection

puting the twist 7 of M force-free flux tubes

— Minimal connection length principle




Approaches to solar magnetic helicity

2011.02.13_23:59:54_TAI

Review by Valori et al. (2016)  Zhang, Brandenburg, & Sokoloff (2016)

Hoy = L(A+Ap) : (B —Bp) 4V HM(k)ZZJ;A(k)'B (k) kdg+c.c.

Berger & Field (1984)
gauge-invariant

- No length scale information kHy (K) < 2E,(K)  (periodic > FFT)

kH,y, (K) = Ime,, j k.B, (K)B, (K) kdg



Background of our approach

 Application to turbulent fields
 Density of linkages (gauge-invariant)

Subramanian & Brandenburg (2006)

« Mean helicity density of mean/fluct fields

B=+2€-B-273-B-V-(ExA)

J> |

a
dt
d _ - . _
d_ a-b=-2€-B-2n7j-b—V-exa

exa -2 advective & turbulent diffusive flux contributions



Dynamos produce bi-helical fields

0 '.‘I') k. llf.) 1I5
[H()dk =(A-B)
9.Q D um>>ab =(A-B)+(a-b)
N4
~ K; <a-b>
Pouquet, Frisch 4
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|ocal technique: 2-point correlation tensor

Inspired by earlier 1-D work:

Real space Fourier space Matthaeus et al. (1982)

Mij (r)= <Bi (X) Bj (X+ r)> <§.~:[k, ﬂé}:“ﬂ’: ﬂ> = Tk, ﬂ‘ﬁz'ik — k),

2E (k. t) -~ i (k1)
Al Ii aj_kikj}_F 3

((1 —cos® ¢ )2Ey  —sin 20 Ey - —iksingy HM) k. =kcosg,

[i(k.t) =

— —sin 2 Ear - (1 — sin? o) 2E N ik cos o Har  — ks
ik sin ¢ H pr —ik cos ¢ H g 2E y =Ksing,
no z derivatives

-> compute
EH (k) =4wkIm {L{Jh O Fyg — sin ¢y, FM}

P
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NOAA 11158

Helicity injection NFFF extrapol

Vemareddy+12 Jing+12
Liu+Schuck12 Tziotziou+13
(A-B)=[Hy (k) dk
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NOAA 11515
wrong sign?

AlA 193 A 3—Jul-2012 23:04:08.620
— - :

—100

—200

—=300

Y {arcsec

—400

_500

—600 (&

—100 o 100 200 300 400 o
¥ farcsecs)

« 18 degr south
 but negative hel.
« dominance of LS field

r

—Bx10° —12.0x10°
E —4x10° 1.5x10°_.
e - l 5
]
> S

T &y
;'i —2x10" 1.0x10°%
u- L L . . ls.ox10*
0 50 100 150
Hours
10° s
E
= 10° | .
©
— 10*f =
= 3 ]
T 10°| negative!! =
=2
ge 2L
% 10
s 10'F +
& —_
N 10°}- 2012-07-03 00:00:00UT
0.1 1.0 10.0
k [Mm™'] 9

Zhang, Brandenburg, & Sokoloff (2016, ApJ)



Global vector magnetograms

First constructed from SOLIS/VSM (Gosain+13)
Same pipeline now used for HMI (Hughes+16)
Here earlier independent version (Yang Liu)

3 X 3600 x 1440 pixels (for 3 CRs)

Brandenburg, Petrie, & Singh (2017, ApJ 836, 21)

10



latitude [degr]

Toward global analysis

CR2161-2163 patched together (Feb 28-May 20, 2015)

0 80 180 270 360 4150 540 630 720 810 800 990 1080
longitude [degr]

Two approaches:

« Rolling patches in lat. strips, 2-D standard FFT
« Double Fourier transform (Roberts & Soward 1975)

1Bap 10 X 1Bsp T°0 01 pajdwresumop ‘|INH
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(i) Double Fourier transform

Correlation function
M (X, X) = (B, (X+3X)B; (X -3 X))
First Fourier transform
M; (X K) = j M (X, X)e™**d*x/(27)
Second Fourier transform (now over X)

M; (K, k) = (B (k + 1 K)Bj (k1K)



Validation of two-scale technique

1-D example: 3-D turbulence
Mij (K, k) = <|_5,i (k+3 K)LS),- (k-1 K)> w/ dynamo: bi-helical
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Back to X space
M (X, K) = [ M} (K, k)e'*d*K &

at |

« Magn. energy well
reconstructed In
latitude

— Concentrated to
+/- 15 degr

« At active region
scale: negative in
north, pos in south

— But no clear
evidence of
reversal at global global scale: active region scale:
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Comparison with solar wind data

Matthaeus et al. (1982) Measure correlation function
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Measure 2-point correlation tensor

U, U,

Taylor hypothesis: R = R, — Ut
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Bi-helical fields from Ulysses
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Shell dynamos W|th ~CMEs
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To carry negative flux: need positive gradient
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To carry negative flux: need positive gradient

|P(A2)| /Dol

IP(A%)|/pol

056 1.0 1.5 2.0 0.5 10 1.6 20 0.5 1.0 1.6 2.0 0.5 1.0 1.6 20

IP(A®)|/pol

0.5 1.0 1.5 2.0 05 10 1.5 2.0 0.5 1.0 1.5 2.0 05 1.0 1.5 20

|P(N3)| /Dol




Conclusions |

New technique: spectrum (scale dependence)
— from correlation tensor: no A, no gauge dep

Isotropy ok, but inaccurate for k > 3/Mm (I < 2Mm)
— to check with Daniel K Inouye Solar Telescope (DKIST)!

North-south sign dependence obeyed

For NOAA 11515: wrong sign explained (?)
— Signature of tilt from a-effect

Global analysis: Double Fourier transform
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Conclusions |

 Need to generalize to spherical harmonics

* |s lack of large-scale helicity a boundary effect?

— Recall: helicity reversal in solar wind
(Brandenburg+11)

e Polar field underestimated?
— Pipin & Pevtsov (2014)
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